During the 1970s, Olah and coworkers proposed the concept of superlectrophilic activation [1] . Those seminal reports prompted many subsequent investigations of dicationic electrophilic species and superelectrophiles [2] . Superelectrophiles may arise from the interaction of cationic electrophiles with acidic media, as in the protonation of the nitronium cation [3, 4] . In the limiting case, dicationic superelectrophiles may be produced. Due to the increased positive charge, superelectrophiles are often reactive towards very weak nucleophiles (i.e., alkanes and deactivated arenes) [2] . A number of studies have also demonstrated that highly reactive, dicationic electrophiles may involve ionization of strong base sites adjacent to electrophilic centers [5] . For example, 4-pyridinecarboxaldehyde forms the superelectrophile in CF 3 SO 3 H by protonation of the pyridine ring and the carbonyl group [6] . The resulting dication is capable of reacting with saturated hydrocarbons or nitrobenzene [6] .
Recently, we reported the ionization of aminoalcohols in superacid to give highly reactive dicationic electrophiles [7] . Similarly, ionizations of amino acetals, amino olefins, and amino alkynes were shown to give reactive superelectrophiles [8] [9] [10] . Prompted by these earlier studies, we have sought to identify other substrates capable of forming superelectrophiles in strongly acidic media. In the following letter, we report our studies of the acid-catalyzed ring-opening reactions of 5-methyl-1-phenyl-3,4,5,6-tetrahydro-1H-benzo[ f ] [1, 5] oxazocine (nefopam, a common analgesic drug) and the preparation of novel derivatives of this compound.
The degradation of nefopam (1) under stressed storage conditions (90
• C in alkaline, pH 9.0, and acidic, pH 2.0, media) was studied by Wang and coworkers [11] . Among their observations, it was reported that the acidic conditions promoted ether cleavage to the diol (4, Scheme 1) along with other products. They proposed a mechanism shown in Scheme 1, involving formations of dications 2 and 3. Although dication 3 has a resonance stabilized carbocationic center, we reasoned that it should have relatively high elecrophilic reactivity due to its dicationic, superelectrophilic structure.
When nefopam (1) was reacted with several types of arenes in CF 3 SO 3 H, the products from electrophilic aromatic substitution were obtained in fair to good yield ( In a typical procedure, 0.2 g of nefopam hydrochloride salt is suspended in benzene (1.0 mL) and CF 3 SO 3 H (3.0 mL) is slowly added (caution: HCl gas is released). The mixture is stirred for 12 hours, and then poured over ice and made basic by dropwise addition of 10 M NaOH. The product is extracted into CHCl 3 and the organic layer is washed by water and then brine. The resulting solution is dried with MgSO 4 , filter, and concentrated to give product 13, which can be further purified by column chromatography (silica, hexane:ether). In the case of product 8, the reaction is best done using 0.1 mmol nefopam HCl, 0.1 mmol benzo-12-crown-4, 3 mL CHCl 3 , and 0.5 mL CF 3 SO 3 H. The reaction is initially stirred at 0
• C, and then allowed to stir at room temperature.
In the reaction with benzene, the conversion is found to be complete within 30 minutes at 25
• C with 60 equivalents of CF 3 SO 3 H, but it will also proceed to completion with as little as 3 equivalents of CF 3 SO 3 H. Product 5 is not obtained in useful yields from reactions catalyzed by H 2 SO 4 or CF 3 CO 2 H. In the case of H 2 SO 4 , the nefopam is consumed, however the products are water soluble and could not be identified. With CF 3 CO 2 H, unreacted nefopam is recovered. Other arenes found to react with nefopam in CF 3 SO 3 H, include: o-xylene, 1, 2-dimethoxybenzene, benzo-12-crown-4, and m-dichlorobenzene. These arenes give the respective substitution products (6) (7) (8) (9) . In general, the arylation of nefopam works best with electron-rich arenes. Some arenes, however, were found to be unsuitable for the reaction conditions due to decomposition (i.e., thiophene, indole, 1,3-benzodioxole). Despite the low yield of product 9, the conversion with m-dichlorobenzene is notable because this arene is somewhat deactivated due to the chloro substituents. Formation of product 9 indicates a fairly high level of electrophilic reactivity for the superelectrophile 3.
In order to gain further evidence for the involvement of the ring-opened superelectrophile (3), NMR experiments were done. NMR samples were prepared by dissolving nefopam in acids having widely varying strengths: CF 3 [7, 14] . However even at −50
• C, the 13 C NMR spectra are unexpectedly complex. Whereas superelectrophile 3 should Organic Chemistry International 3 13 C NMR spectra may be the result of equilibria with the ringclosed species (2) or other products. The spectra may also be complicated by restricted rotation due to charge delocalization (Scheme 2). In CF 3 CO 2 H (−10
• C), a very complex 13 C NMR spectrum is obtained which has roughly 50 resonance signals arising from nefopam and its ionization products. To an approximation, this suggests an equilibrium between three major components: N-protonated nefopam, the oxonium dication (2), and perhaps a trifluoroacetate adduct. No downfield (δ > 160) resonances were detected, indicating that the free carbocation (3) is not a major component of this equilibrium.
For comparison purposes, diphenylmethanol (10) was also reacted with benzene and triflic acid (Scheme 3). We reasoned that diphenylmethanol should ionize cleanly to the monocationic carbocation in superacid and its chemistry would provide a good comparison with the nefopam-derived dicationic intermediate (i.e., 3). When diphenylmethanol is reacted with benzene and triflic acid, two products are observed in approximately equal amounts: diphenylmethane (15) and triphenylmethanol (14, Scheme 3). This suggests formation of the monocation (11) , which reacts with benzene to form the intermediate product triphenylmethane (12) . The diphenylmethane (15) is generated by hydride transfer between the carbocation 11 and compound 12. The observed triphenylmethanol (14) is then formed upon hydrolytic workup of the reaction mixture.
Interestingly, nefopam does not give analogous products (from hydride transfer reactions) in its conversion with benzene and triflic acid. There may be several factors for the divergent chemistry of nefopam. First, the superelectrophile from nefopam (3) reacts rapidly with benzene, and consequently, the superelectrophile is not formed in appreciable concentration to affect hydride abstraction from the triarylmethane product (15, Scheme 4). Secondly, there is evidence from other superelectrophilic chemistry that charge-charge repulsion can slow intermolecular reactions [2] . Hydride abstraction would require the dicationic elelctrophile 3 to attack the monocation product 16. However, elelctrostatic effects may preclude this type of intermolecular chemistry.
In summary, nefopam is a common analgesic drug, and the results of this study suggests that it forms a reactive, dicationic superelectrophile in strong and superacidic media. The resulting dicationic intermediate is sufficiently electrophilic to react with nucleophiles such as benzene or 1-3-dichlorobenzene. By exploiting the high reactivity of the ring-opened superelectrophile (3), novel derivatives of nefopam may be prepared. Despite its high electrophilic reactivity, superelelctrophile 3 exhibits cleaner reactions than a closely related monocationic species.
